open area of the clearcutting the amount of radiation reaching the soil is increased [McCaughey 1985 ], which affects, among other things, the increase of soil temperature [Radler et al. 2010] . So rapid changes have also their influence on water management in the area of clearcutting causing, among others, the increase of outflows in catchments [Swank 2001 , Moore 2005 . Because of the reduced interception and evapotranspiration in the area covered by the clearcutting, the increase of groundwater table is occurred [Trousdell & Hoover 1955 , Hott 2010 , Finnegan 2014 ]. On the other hand, Henriksen and Kirkhusmo [2000] point out, that the increase of groundwater levels may be caused by higher precipitation. The amount of groundwater levels changes in the clearcutting area of chosen forest habitats is analysed in the paper.
MATERIALS AND METHODS
The results of the research carried out in two small catchments in hydrological years [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] are used in the paper. First one is a catchment of Rakowski ditch, named on maps as ditch G, situated in Marianka Forestry, and pond catchment no. 5, situated in Laski forestry ( Figure 1 3 of timber have been acquired in total. The clearcutting also included fragments of land on adjacent habitats of moist broadleaved forest and fresh broadleaved forest, and also beyond the border of pond catchment no.5, where it was made on a surface of 4.59 ha. To estimate groundwater levels changes, control well 1.3 located in a fresh broadleaved forest habitat, 160 m from well 1.2 and 170 m from well 1.1 was used.
The research included systematic measurements of ground water levels in selected wells, ] designed for LZD Siemianice were used in the paper. Soil texture was determined by Casagrande's areometric method modificated by Prószyński according to PN-R-04033 "Gleby i utwory mineralne -podział na frakcje i grupy granulometryczne", carried out on samples with the inviolable structure in selected soil profiles. According to the USDA the names of textural class were presented in the paper.
RESULTS
In the upper layers of the soil profile at the location of the well 4.3, under a layer of sandy muck, granulometric composition includes loamy sands, passing at a depth of about 20 cm in sandy loam and deeper into the loam. Soil profile of well 4.2, control relative to 4.3 is also built with sandy muck, which at the depth of 7 cm changes into a sand. In 4.4 well profile in the upper layers occurs muck, deeper sandy loam at a depth approximately 60 cm change into silt and sand. Soil profile of well 4.5, assumed as a control for well 4.4 is totally built with sands. 1.2 well soil profile in the upper layer is built with sandy loam lying approximately 55 cm at loamy sand and deeper at sandy loam and clay. 1.2 profile consisted completely of sand. In a 1.3 well soil profile, control for two others in Laski forestry, in the upper layer there is a sandy loam, which is located approx. 50 cm at loamy sand that changes into sand at the depth of 70 cm.
The two values presented in Figure 2 determination coefficients of regression equations show that relationship between groundwater levels in wells 4.3 and 4.4 and water level in control wells before clearcutting was significant at a significance level a = 0.05. The trend lines indicate that in the area of clearcutting, the groundwater table was raised. The size of water table increment was however, not the same in the all depth, and became higher along with it. Mileage of trend line indicates that a slight decrease of groundwater table at the clearcutting at a time when it is in arrears directly on the surface of the land is possible too.
Furthermore, the lower coefficients of determination for relations of water levels after clearcutting in comparison to the period before clearcutting indicate that tree stands affect stabilizing these relationships. That is also showed by more spread points around the trend line in a period after clearcutting. For relations of groundwater levels in the area of clearcutting in wells 1.1 and 1.2 with the control well 1.3 in Laski forestry the obtained relations were also statistically significant, however, coefficients of determination were lower. When it comes to relations between groundwater levels in wells 1.1 and 1.3 after clearcutting in comparison to the period before it, coefficients of determination were significantly lower, while for relations between wells 1.2 and 1.3 difference in the size of coefficients in the period before and after clearcutting was not as big. Comparing diagrams of these relations in Figures 2 and 3 , it could be noticed, that raise of the level of groundwater table in wells 1.1 and 1.2 in moist broadleaved forest in Laski forestry was much higher than in wells 4.3 and 4.4 in ash-alder swamp forest in Marianka forestry. Based on regression equations, absolute and relative water levels increases in wells in the area of clearcutting, depending on the depth were calculated. Calculations for particular wells were made for the groundwater levels in the scope of their occurrence before clearcutting. Hence, adopted scope of groundwater levels for wells 4.3 and 4.4 from the ground to a depth about 100cm was from 20 to 160 cm and for wells 1.1 and 1.2 from 60 to 220 cm. The results of these calculations are presented in Tables 1 and 2 .
Calculations based on regression equations before and after clearcutting confirmed the link, which could be seen in diagrams (Figure 2) , that in wells 4.3 and 4.4 the size of groundwater levels increases with the depth before clearcutting. The biggest increases of groundwater levels in the clearcutting were observed at the deepest depth (100 cm), where they were around 16 cm in well 4.3 (16% increase) and 22 cm in well 4.4 (22% increase). Calculations for a depth of about 10 cm for both wells indicate that there is no groundwater level increase in this area, after clearcutting. However, at the surface, groundwater levels in the ash-alder swamp forest habitat, where wells 4.3 and 4.4 are located, because of the clearcutting, may decrease slightly. As showed by research conducted by Dube [1995] , in habitats where the water table before clearcutting was really close to the surface of land, because of clearcutting, it may occur groundwater level decrease due to increased evaporation from the soil surface. The analysed swamp ash-alder habitats, where groundwater is near surface of land can be undoubtedly included to that kind of habitats [Kosturkiewicz et al. 2001 [Kosturkiewicz et al. , 2002 .
In Laski forestry in moist mixed broadleaved forest, groundwater level increases after clearcutting for the deepest groundwater table (160 cm in well 1.1 and 220 cm in well 1.2) were 98 cm and 93 cm. This corresponded to a relative increments of respectively 61% and 42%. Together with decreasing of depth calculated groundwater levels increments after clearcutting became reduced too. In wells 1.1 and 1.2 in moist broadleaved forest both absolute and relative increases of groundwater levels were significantly higher (Table 2 ) compared with the increments in wells of 4.3 and 4.4 in ash-alder swamp forest in Marianka forestry (table 1) . For example, at a depth of 100 cm groundwater in moist mixed forest habitat increased twice higher than in the habitat of ashalder swamp forest habitat.
Such differentiation of increases in water levels after the clearcutting may be due to higher values of actual evapotranspiration for the moist mixed forest habitats compared to the ash-alder swamp forest habitat. According to data obtained from Siemianice, in the area covered by clearcut- •ha -1 , which could also contribute to this variation. In addition, it may result from the diversity of physiographic parameters of catchment area or from different habitats supplying of these waters that flow from adjacent areas as well from the fact that in the area adjacent to the clearcutting in mixed forest habitat the clearcutting was also made in the area of over 4.5 ha. Groundwater levels increase in the adjacent area could affect the groundwater in the area of the researched clearcutting. This hypothesis, however, required to take further, more detailed studies and analyzes.
CONCLUSIONS
1. The regression equations for the relations of groundwater levels in the habitats of ash-alder swamp forest and moist mixed broadleaved forest calculated for a period before and after clearcutting showed a rise in the water table as a result of carrying out clearcuttings.
2. The size of increases of groundwater levels of both analyzed surfaces was related to the depth of the groundwater before the clearcutting. Both absolute and relative rise in the groundwater table was higher for the waters that before clearcutting filled deeper, in comparison with groundwater remaining closer to the ground surface. 3. The study also showed that in the ash-alder swamp forest habitat in Marianka forestry increases of groundwater levels due to clearcutting were significantly lower compared with increments of groundwater levels in the habitat of moist broadleaved forest habitat in Laski forestry.
4. The difference in size increments of groundwater levels in both habitats might be caused by variations in the evapotranspiration the diversification of physiographic conditions, or the size of the power supply of groundwater from the above areas and adjacent areas. Confirmation of these hypotheses, however, require a further detailed study.
